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Energy limits of the three photons resulting from the annihilation of an electron and a 
positron. The abscissa is the photon energy in keV, and the ordinate is the angle ψ between 

two photons.
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Introduction
Positronium (Ps) is a bound state of an 
electron and a positron, constitutes a 
purely leptonic atomic system, providing 
a environment for probing CP symmetry 
violation within the lepton sector [3]. Its 
nature excludes interference from strong 
interactions, thereby allowing tests of CP 
symmetry in leptonic interactions .
In the ground state, positronium has two 
configurations: 
★ The singlet state, which has 

antiparallel spins (S = 0, ms = 0), 
decays into two photons with a 
half-life of 125 × 10⁻¹² s, and is known 
as para-positronium (p-Ps).

★ The triplet state, which has parallel 
spins (S = 1, ms = –1, 0, 1), decays into 
three photons, with a half-life of 142 × 
10⁻⁹ s, and is known as 
ortho-positronium (o-Ps).

Conservation of momentum and energy 
results in an asymmetric distribution of 
photon energies, which decay with zero 
total linear momentum and a total 
energy of 1,022 MeV. 
Under a magnetic field (𝐁)⃗, mixing of the 
ms = 0 states occurs, changing the 
properties of these states and allowing 
the manipulation of the half-life of the   
ms = ±0 states, while the ms = ±1 states 
are not affected.
The motivation for this project arises 
from the effort to observe angular 
correlations in positronium decay, which 
can provide valuable insights into CP 
violation within the leptonic sector and 
deepen our understanding of the 
fundamental interactions governing 
particle physics.

Abstract
This project develops an experimental 
setup to detect positronium (Ps) decay, 
a system formed by an electron and a 
positron. Photons from the decay are 
measured with the Nossa Caixa 
spectrometer, and a magnetic field is 
used to manipulate Ps states. A CP 
symmetry breaking will be probed via 
inversion of the decay plane normal and 
of the Ps magnetic substate populations 
[1][2].

The Nossa Caixa spectrometer device consists of two orthogonal 
rings with 12 LYSO(Ce) scintillators (each divided into

3×3 pixels) coupled to SiPMs, arranged in a compact geometry with a 
temporal resolution of a few nanoseconds. 

Conducted to the best of our capabilities, 
the first experiment delivered satisfactory 
and promising results, including a 511 keV 
peak in the energy spectrum and a time 
spectrum indicating a possible decay. The 
upcoming data analysis will pinpoint the 
most critical improvements for future 
experimentations.

The CCP is the amplitude of CP violation and P2 is 
the polarization tensor of the system. Any CP 
violation in positronium would lead to a 
non-zero angular correlation. 

Due to rotational invariance the angular distribution of the decay photons must be 
proportional to products of the ki momenta and the initial o-Ps spin.

Schematic of the experiment. The positron is produced by a copper source 
and combines with an electron trapped between the grains of magnesium 

oxide.
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